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Abstract 
A novel method for preparation of iron oxyhydroxide materials, involving aqueous 
precipitation followed by microwave assisted aging is investigated. The produced materials are 
characterized by XRD, SEM EDX and TEM spectroscopy and BET analysis. The materials show 
physical characteristics dependent on preparation procedure. The arsenic adsorptive properties of 
the materials are studied by batch adsorption techniques. It is found that the rate of arsenic upload 
depends strongly on the degree of crystallinity of the materials. The adsorption capacity is 
approximately 55 mg/g. The physical characterization of the arsenic loaded adsorbents shows that 
the adsorption process modifies the morphology of the materials. Over 4% of arsenic atoms are 
incorporated into the particle matrix. 
 
Introduction 
The arsenic contamination in drinking water is well known to have severe implications for 
human health 
[1,2]. As a result of this, the US-EPA has enforced a 10 g/L permissible limit for 
arsenic in drinking water 
[3]. Of the several arsenic remediation techniques which are available, 
removal by adsorption is the most economical and technically feasible. Iron oxides have been the 
most widely investigated adsorbents for arsenic removal 
[1,4]. Freshly precipitated iron 2 
oxyhydroxide has been shown to be a very effective adsorbent for arsenic. Its effectiveness is highly 
dependent on the procedure and the chemicals used during the preparation 
[4].  
Microwaves are electromagnetic waves with 324 – 3033 Hz frequency and wavelength in 
the range 1 m – 1 mm. The application of microwave energy to processing of different materials is 
well established and has numerous advantages; namely, unique microstructure and properties, 
synthesis of new materials and reduced energy consumption 
[5,6]. This paper reports preparation of 
iron oxyhydroxides by precipitation reaction between FeCl3 and KOH in aqueous media followed 
by aging under various conditions of microwaving. The characterisation of the resulting adsorbent 
materials before and after arsenic loading is discussed.   
 
Experimental 
Two adsorbent materials (M1 and M2) were prepared by a precipitation reaction between 
ferric chloride and potassium hydroxide. Both samples were initially prepared by adding 3 M KOH 
slowly to a 1 M FeCl3 solution, until the pH reached 11.0 ± 0.1, under vigorous stirring  
M1: Following precipitation, the reaction mixture was kept in a water bath at room 
temperature for 24 hours. The precipitate was then filtered and washed with de-ionised water until 
free of chloride ions. The solid was then subjected to microwave radiation at 60 °C for 10 hours, 
with an initial current of 2.5 A. 
M2: The reaction mixture following precipitation was placed in a microwave oven at room 
temperature for 12 hours. The precipitate was filtered and washed, then re-suspended in 100 mL of 
De-ionised (DI) water. The suspension was placed in a microwave oven at 60 °C for 10 hours, with 
an initial current of 2.5 A. The resulting solid was vacuum dried. 
The arsenic adsorption characteristics of samples M1 and M2 were evaluated by conducting 
batch experiments. In each test, 1.0 g/L of adsorbent sample was placed in contact with 100 mL of 
As(V) (Na2AsO4) solution (concentration range 0.5-50 mg/L), at pH 3.0, in a capped bottle. The 
solution was mechanically agitated and maintained at 25 °C, for varying lengths of time (15-480 
min). The resulting solution was separated from the solid by filtration and its arsenic content was 
analysed by enhanced ICP-AES at the Marine and Fresh water Research Laboratory (MAFRL), at 
Murdoch University, Western Australia. 3 
The total arsenic loading capacity was determined by keeping 100 mL aliquots of 3200 
mg/L As(V) solution, in contact with 50 g/L of the adsorbents at 25 °C. The resulting solution was 
filtered and the residual arsenic content was determined at the MAFRL. The solids were collected, 
washed thoroughly with DI water and vacuum dried.  
Physical characterisation of the solids, before and after adsorption, was carried out using the 
following techniques.  
(i)  Field emission scanning electron microscopy (FESEM) was performed using a Zeiss 
1555 VP-SEM, at 3 kV with a 30 μm aperture, under 1 x 10
-10 Torr pressure. At the 
same time, energy-dispersive X-ray spectroscopy (EDX) data was collected using 
SiLi line scanning detector. The system resolution was 105 eV with an accelerating 
voltage of 20.0 kV, over a range 0.0 to 14.0 keV.  
(ii)  Brunauer, Emmett and Teller theory (BET) surface area analysis of the samples was 
conducted using a Contador's AUTSOR-1 instrument, at 77.4 K with 99.99% liquid 
nitrogen. 
(iii)  Particle size distribution was determined using a Microtrac FLEX Mode S3000 
analyser. 
(iv)  Transmission electron microscopy (TEM) was conducted using a PHILIPS CM-100 
Electron Microscope at 80 kV.  
(v)  X-ray diffraction (XRD) spectra were collected using a Siemens D500 series 
diffractometer. The spectra were collected at room temperature using Co Kα = 
1.5406 Å radiation, 40 kV and 30 mA, over the 2θ range 20° to 80° at 0.04° step size, 
with an acquisition time of 2 seconds. 
 
Results and Discussion 
Characterisation 
  The XRD patterns (Fig. 1) of the adsorbent materials M1 and M2 are very different from 
that of the 6-line profile of freshly precipitated iron-oxyhydroxide reported in the literature
 [7]. M1 
and M2 both have crystal phases associated with iron oxyhydroxides of the general form 
Fe1.833(OH)0.5O2.5. The spectrum for M2 also displays minor crystalline phases which can be 4 
attributed to goethite 
[4]. M2 has a high degree of crystallinity (98 %) and the full width at half 
maximum of (110) plane is 0.47. The average crystal grain size is 42.6 nm. While M2 is highly 
crystalline, M1 is clearly more amorphous.  
 
 
Fig. 1 XRD pattern of microwave adsorbent materials 
 
The FESEM images (Fig. 3) show that the surfaces of the samples comprise of spherical 
particles which appear agglomerated, with grains of up to 55µm visible in the amorphous sample 
M1, as compared to predominantly smaller grains of around 28 µm visible in the sample M2.  
 
Fig.3 SEM images of adsorbent samples 
 
M1  M2 5 
The specific surface areas as determined by the BET method are found to be 375.5 and 
200.0 m
2/g for samples M1 and M2, respectively, suggesting that the surface area of the amorphous 
sample is almost twice as large as that of the crystalline material. 
The TEM micrograph (Fig. 4) shows a clearer view of the morphology and size of 
individual particles. Whilst the amorphous M1 is without clear grain boundaries, M2 in contrast is 
clearly crystalline, with particle size less than 50 nm. 
 
Fig.4 TEM images of samples 
 
Arsenic Adsorption 
The rates at which As(V) uploads on M1 and M2 are obvious from the data in Fig. 5, where 
adsorbent contact time is plotted against residual arsenic concentration. It can be seen that both M1 
and M2 initially adsorb arsenic very rapidly during the first 30 minutes and then the rate slowly 
drops. The rate of uptake of As(V) for M1 is higher than that for M2, which could be attributed to 
the amorphous nature of sample M1.  
M1  M2 6 
 
Fig. 5 Effect of contact time on As (V) removal by adsorbents.  
(Conditions: Dosage: 1g/L; (As(V))Initial = 5mg/L; temp: 303K; pH: 7.0.) 
 
The total arsenic adsorption capacity of M1 and M2 as determined by exposing them to a 
concentrated As(V) solution, indicates that the capacity of both adsorbents is very similar 
(55±2 mg/g). Therefore, even though the rates of arsenic uptake are considerably different, the total 
capacities for adsorption are approximately the same. 
 
 
 
 
 
 
Fig.6 FESEM images of M2(R-M2) and As(V) loaded M2(As-M2) 
 
The adsorption of arsenic changes the morphology of the adsorbent materials. A typical 
FESEM image of one of the samples is shown in Fig. 6. This indicates that following arsenic 
adsorption, the adsorbent particles become more irregular in size ranging from 10-180 µm. EDX 7 
elemental analysis shows that approximately 4% of arsenic atoms become incorporated into the 
particle matrix. The appearance of arsenic in the lattice is indicated by the presence of a peak in the 
XRD spectrum, corresponding to the phase Fe2As4O12 (Fig.7). 
 
 
Fig. 7 XRD patterns of M2(R-M2) and As(V) loaded M2(As-M2) 
 
Conclusion 
The present study clearly demonstrates that iron oxyhydroxide materials of varying 
crystallinity are formed under different conditions of synthesis involving precipitation and 
microwave aging. These materials show good adsorption for arsenic (55±2 mg/g). EDX elemental 
analysis shows that approximately 4% of arsenic atoms are incorporated into the particle lattice on 
adsorption. The presence of arsenic in the matrix is also confirmed by results from XRD analysis. 
The amorphous material adsorbs arsenic faster than the crystalline material. 
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